Sodium dodecylbenzenesulfonate (DBS) is a very useful and widely used anionic surfactant.
INTRODUCTION 2
Sodium dodecylbenzenesulfonate (DBS) is a very common and popularly used anionic 3 surfactant; it is used as the active ingredient of laundry detergent and as an anti-caking agent 4 in many domestic and industrial materials, including chemical fertilizers. DBS is also popular 5 as an emulsifying agent in agricultural chemicals because of its ability to change the 6 physicochemical nature of surfaces. Additionally, DBS is the most common pollutant found 7 in almost all environmental settings (McAvoy et al. 1993) . Overall, DBS is used in large 8 quantities and enters the environment primarily through wastewater and sludge. 9
The discharge of DBS into the environment brings DBS into contact with soil and allows 10 DBS to adsorb onto soil. The adsorption of DBS by soils and sediments is an important process 11 that affects the transport and toxicity of DBS (Field et al. 1992 ; Wolf and Feijtel 1998) . The objective of this study was to investigate the influence of the potential at the adsorption 44 site on DBS adsorption in a negatively charged soil by using the theoretical adsorption equation. 45
The adsorption isotherms of both B-DBS and L-DBS were also systematically investigated. A 46 highly humic volcanic ash soil was used in this experiment because it is a soil that contains a 47 large amount of organic matter and especially because it is negatively charged (Ishiguro et al. 48 2003) . 49 
MATERIALS AND METHODS 50

Adsorption experiments 60
A batch experiment was conducted to determine the DBS adsorption isotherm of the soil and 61 to investigate the influence of electrolyte concentration at different pH conditions (pH 4.5 and 62 pH 6.5) at room temperature (25 ± 1 °C). The soil (2.5 g dry weight basis) was placed in a 50 63 cm 3 centrifuge tube. The soil was equilibrated with different concentrations of electrolyte 64 solution (1 mM, 10 mM, 100 mM and 500 mM NaCl), and the pH of the solution was adjusted 65 to 4.5 or 6.5 with dilute HCl or NaOH. After the supernatant from the tube was discarded, 25 66 ml of the DBS solutions (ranging from 0.001 to 10.0 mM) at the same NaCl concentrations 67 with that of the former equilibrated solutions were mixed with the soil and were shaken well 68 for 24 hours. To be accurate, the Na concentrations of the DBS solutions were somewhat 69 larger than those of the former equilibrated solutions as Na accompanied with DBS was added 70 more to the DBS solutions, although Cl concentrations were same. Afterwards, the soil 71 
where S is the experimental slope. The theoretical value of S is 59.2 mV at 25 °C (Nernstian 83 slope). If the surfactant concentration was higher than the critical micelle concentration, the 84 concentration was measured after dilution. To avoid the effects of extended exposure to the 85 dissolved humic substances on the electrode, the electrode was carefully washed before each 86 measurement and was always checked with a standard solution to obtain the correct result. 87
The amount of surfactant adsorbed in the soil was obtained by subtracting the amount of DBS 88 in the soil solution from the amount added to the soil. 
106 The influence of the adsorption site potential, φ, can be explained by the following 113 equation: 114 The n, K, κ and φ values in the equations were obtained by fitting the measured curve. The Q 120 8 value was obtained from the measured isotherm at approximately the CMC, and it was fixed 121 at 20 mmol kg -1 . This value was adopted because Q is the maximum adsorption on the soil 122 surface sites and the measured adsorptions were roughly that value at approximately the CMC 123 where the surfactant monomer concentration became maximum. Above the CMC additional 124 surfactant may be adsorbed as multilayer complex. 125
RESULTS AND DISCUSSION 126
Electrophoretic mobility 127
The measured electrophoretic mobilities are shown in Fig. 1 . All the mobilities were negative 128 because the soil has a negative charge. Therefore, the electric interaction between the soil and 129 the negatively charged surfactant is repulsive. With increased DBS adsorption, the mobility 130 became more negative because of the increase in the negative charge of the soil through 131 adsorption of DBS. The absolute value of the mobility became smaller with increasing 132 electrolyte concentration from screening of the electric field. The absolute value was larger at 133 the higher pH value (pH 6.5), because the negative charge of the soil increased. 134
DBS adsorption 135
The DBS adsorption isotherms are shown in Fig. 2 The absolute value of φ became smaller at lower pH (Fig. 4) . This decrease reflects the 169 decrease of the negative charge of the soil. Therefore, the repulsive electric potential at the 170 adsorption site became smaller, and the adsorption of DBS increased at lower pH. The φ 171 values showed a similar trend to that of the electrophoretic mobilities. ∆G mic and the differences between the ∆G mic for B-DBS and L-DBS are shown in Table 2 . 201
The average of differences in ∆G mic is 1.3RT J mol 
CONCLUSIONS 208
We investigated the adsorption of DBS in highly humic soil. In particular, the influence of the 209 repulsive electric potential on adsorption was elucidated by calculating the adsorption site 210 potential with the modified Langmuir adsorption equation. This elucidation is the novel 211 aspect of this study. The negatively charged surfactant, DBS, adsorbed onto the negatively 212 charged soil through hydrophobic interactions, despite the repulsive electrostatic interaction. 213
More surfactant was adsorbed at higher electrolyte concentrations because of the screening of 214 the electric field at the adsorption site. More surfactant was adsorbed at lower pH conditions 215 because of the smaller electric repulsion between the soil particles and the surfactant. These 216 results were confirmed by the calculated adsorption site potential and the measured 217 electrophoretic mobility. More L-DBS was adsorbed than B-DBS because of the differences 218
FIGURE LEGENDS 306
Figure 1. The effects of electrolyte concentration and pH on the electrophoretic mobility. 307
•○ 1 mM NaCl; ■□10 mM NaCl; ▲△100 mM NaCl; ◆◇500 mM NaCl. 
